Abstract The inclusion of behavioral components in the analysis of a community can be of paramount importance in marine ecology. Diel (i.e., 24-h based), seasonal activity rhythms, or longer durational in behavioral responses can result in shifts in populations, and therefore on measurable abundances. Here, we review the value of developing cabled video observatory technology for the remote, long-term, and high-frequency monitoring of fish and their environments in coastal temperate areas. We provide details on the methodological requirements and constraints for the appropriate measurement of fish behavior over various seasonal scales (24 h, seasonal, annual) with camera systems mounted at fixed observatory locations. We highlight the importance of using marine sensors to simultaneously collect relevant environmental data in parallel to image data acquisition. Here we present multiparametric video, oceanographic, and meteorological data collected from the Mediterranean observatory platform, OBSEA (www. obsea.es; 20 m water depth). These data are reviewed in relation to ongoing and future developments of cabled observatory science. Two key approaches for the future improvement of cabled observatory technology are: (1) the application of Artificial Intelligence to aid in the analysis of increasingly large, complex, and highly interrelated biological and environmental data sets, and (2) the development of 
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Introduction
Persistent climatic or human-induced environmental changes can produce long-lasting modifications in species behavior, with pervasive effects on population distributions and abundances (Peer and Miller 2014) . Such environmental changes may be observed in time series data recorded at a changing location as fauna respond to modifications in key habitat parameters (Holyoak et al. 2008) . Changes in the distribution of organisms (leading to observed shifts in community structure) are among the most readily detectable and emerging biotic effects of global warming (Parmesan and Yohe 2003; Parmesan 2006; Ehrlén and Morris 2015) .
The linkage between observed population distributions and the behavioral response of individuals is particularly apparent in fish, due to their high mobility, which can allow entire populations to respond rapidly to environmental changes (Cheung et al. 2013) . Fish species have been observed to shift their geographic and depth ranges of distribution in response to local changes in salinity, temperature, or marine productivity over short timescales (e.g., Attrill and Power 2002; Perry et al. 2005; Dulvy et al. 2008; Azzurro et al. 2011; Jørgensen et al. 2012) . Population behavior can also be influenced by environmental change. Growth regulating swimming behavior within the water column of juvenile gadoid fishes has been observed to change in response to temperature change (Sogard and Olla 1996) . The high behavioral plasticity of many fish species has been further highlighted by their response to fishing pressure, with certain behavioral traits being enhanced as fishing pressure changes (Sih et al. 2004; Cooke et al. 2007; Conrad et al. 2011) .
Change in observed fish assemblages and population distributions may not only be the result of the behavioral response of individuals to long-term environmental changes; such changes may also be the product of day-night and/or seasonal rhythms in behavior. These changes may be linked to day-night swimming activity rhythms, or seasonal migrations related to growth or reproduction (Reebs 2002; Aguzzi et al. 2011a) . Behavioral rhythms are a pervasive phenomenon in the animal kingdom. The majority of marine fauna display a variable use of habitat niches through the modification of behavior in response to tidal, day-night, and other seasonal frequency environmental changes (Kronfeld-Schor and Dayan 2003; Hut et al. 2012) . When considered across all species within a community, these behavioral changes determine the overall temporal functioning of ecosystems (Tan et al. 2013) .
Rhythmic behavior is the product of animal adaptation to predictable environmental changes. The astronomical motion of the Earth in relation to the Sun and the Moon produces geophysical cycles within the biosphere and therefore determine variations in key habitat parameters such as the tidal movement, light intensity, and photoperiod duration. Early in Earth's history, these cycles favored the development of time-keeping mechanisms commonly known as ''biological clocks'' in animal and plant species (Loudon 2012) . These are responsible, at least in part, for the temporal regulation of behavior and underlying physiology (Refinetti 2006) . Geophysical cycles can act as selective agents, with the fitness of species highly dependent on the capacity of animals to tune their behavioral activity to a particular temporal window. Therefore, the adaptive value of biological clocks rests on the capacity of organisms to anticipate P. Favali Istituto Nazionale di Geofisica e Vulcanologia (INGV), Via di Vigna Murata 605, 00143 Rome, Italy P. Favali European Multidisciplinary Seafloor and Water-Column Observatory (EMSO) Interim Office, Rome, Italy the onset of unfavorable environmental conditions while continuously maintaining such anticipation over their lifespan (i.e., entrainment process; Naylor 2010).
Many marine organisms studied to date (including many fish), display patterns of activity and inactivity at a diel (i.e., 24-h based) and seasonal scale at all depths associated with continental margins Naylor 2010) . In temperate coastal areas, where both day-night illumination cycles and hydrodynamic tidal-related forces are active, fish assemblage composition changes over the 24-h period in response to the activity rhythms of the various individual species within the community. These changes have been detected either via direct fishing methods (e.g., beach seines: Dulcic et al. 2004; Harmelin-Vivien and Francour 2008; Tutman et al. 2010) or from visual census surveys (Fischer et al. 2007; Azzurro et al. 2007 Azzurro et al. , 2013 Irigoyen et al. 2012) . In recent years complex changes in behavioral patterns have also been characterized by hydro-acoustic techniques (Willis et al. 2006; March et al. 2010; Alós et al. 2011; Koeck et al. 2013 ) and the deployment of various tracking devices (Sims et al. 2009; Walli et al. 2009; Block et al. 2011) .
Light intensity represents an ancient evolutionary factor driving the temporal structuring of marine ecosystems via visual predation (Paterson et al. 2011) . For most fishes, light is a key factor in the trade-off between maximizing feeding activity and minimizing predation risk (Werner and Anholt 1993; Antonucci et al. 2009 ). Light has profound effects on the functioning of biological clocks of many fish (Pauers et al. 2012; Esteban et al. 2013; López-Olmeda and Sánchez-Vázquez 2010; López-Olmeda et al. 2012) . Unfortunately, light is not often considered in marine ecology and fishery studies, with the importance of either intensity or spectral distribution in influencing behavioral rhythms is still largely unknown (Aguzzi et al. 2009a; .
A major challenge for marine ecologists is to unravel the various temporal scales of behavioral responses to environmental change or variability determining the observed species abundances in any given area . Short duration population changes are often the result of activity rhythms, whereas longer duration changes may well be the result of species' responses to monotonic environmental modifications, such as temperature increase or nutrient delivery changes resulting from global warming (Navarro et al. 2013 ).
Objectives of the review
Limited access to the ocean for the observation of marine organisms, communities, and the interconnectivity of these with the surrounding physical environment presents difficulties for the advancement of marine ecology not present in the field of terrestrial ecology (Underwood 2005; Menge et al. 2009; Webb 2012) . To fully investigate the behavior of marine species at different temporal and spatial scales sampling design strategies, which take into account the most relevant sampling frequencies to best monitor these behaviors, is required. Marine sampling programs often fall short of this aim, with temporal frequencies required to observe behavioral changes over short temporal scales being difficult to achieve with traditional methodologies Watson et al. 2010) . Sampling campaigns aimed at observing animal movements should ideally employ sampling frequencies that match both the activity rhythms (i.e., short time scale) and long-term behavioral changes of animals (Naylor 2005) . This type of methodological approach is required to best achieve an understanding of how behavior influences the abundance and composition of species assemblages and therefore the local biodiversity.
The main objective of this review is to provide insight regarding the potential value of cabled video observatories as a new and reliable technology for the remote, long-term, and high-frequency monitoring of fishes in coastal habitats. We provide details of methodological requirements required to appropriately measure fish behavior at various temporal scales from fixed camera stations and we highlight the importance of concurrent monitoring of key environmental parameters, to aid in determining the causes of observed population and behavioral change.
We focus this review on fish as they comprise the base of important aquatic ecosystem services of societal strategic relevance (Pikitch et al. 2014 ). According to the United Nations Food and Agriculture Organization, 1 billion people, a large percentage of which are from developing countries, rely on fish as their primary source of protein (FAO 2014) . The demand for marine fisheries is projected to increase by Rev Fish Biol Fisheries (2015) 25:463-483 465 43 % by 2030 (Delgado et al. 2003) . Moreover, many fish species are considered reliable biological indicators of environmental change, as they show rapid species-specific changes in behavior in response to environmental forcing (Azzurro et al. 2011) . Additionally, in comparison to some other marine fauna of commercial significance, such as crabs and other crustacean decapods, fishes are relatively easy to identify from video imagery (Templado 2014 ). Here we focus on coastal fish communities, which are typically subjected to variable levels of anthropogenic disturbances. Coastal zones have historically been the primary location for the settlement of human civilizations due to easy access to food resources, transportation, and commercial routes (Becker et al. 2013) .
Cabled observatories for the monitoring of fish assemblages at different temporal scales
Cabled seafloor video observatories represent a substantial innovation for marine ecological research by allowing the measurement of environmental data at high-frequency (i.e. seconds to hours) and over long, continuous duration (i.e. weeks to years; Ruhl et al. 2011) . These observatory platforms are deployed on the seabed and connected to shore by power supply/data transfer optic fiber cables, which allow a continuous data flow and sufficient power to operate environmental sensors regularly . The growing socio-economic concerns over the best practices for the exploration and sustainable management of marine commercial ecosystems and for catastrophic event prevention (e.g., tsunami waves; Kasaya et al. 2009; Chierici et al. 2012) has over the last decade driven the implementation of highly interdisciplinary, fixed monitoring platforms that integrate biological, geological, and oceanographic sensors Favali et al. , 2010 Lampitt et al. 2010) . As a result of these endeavors, there is a global increase in research using cabled observatories; however, the majority of such research is conducted within the deep sea (Ruhl et al. 2011 ). Many cabled infrastructures are being installed in relatively unexplored deep seafloor regions with comparatively few being deployed in shallow coastal zones Aguzzi et al. 2012a) . To the best of our knowledge, the majority of these platforms have yet to produce published data on systematic faunal monitoring for methodological evaluation and discussion. Cabled observatory science was initially developed for purposes other than ecology (e.g., for oceanographic and geophysical studies; Favali et al. 2013; Monna et al. 2014) , though an increasing number of deployed platforms are currently being updated to mount video cameras, in addition to the initial sensor systems. Cameras can provide data at different levels of ecological complexity (from the individual, through population, species, and community levels; Barans et al. 2005; Kross and Nelson 2011; Pelletier et al. 2012) . Cameras can be used to measure the response of fish and other fauna to environmental changes, as characterized by platform sensors measuring in parallel. Imaging is therefore a central component of environmental monitoring, and the protocols for best use and data analysis of image data will likely be a driving theme within future developments of cabled observatory technology (Vardaro et al. 2013 ).
Observatory imaging procedures at different temporal scales
The chance of observing an individual of a species using a fixed camera fluctuates in response to changes in local population abundance and the activity rates of individuals. In time-lapse photography, fluctuations in visual counts of fish can be considered as proxies of the animals' behavioral rhythms Chabanet et al. 2012) . Time-lapse image capture should ideally be programmed at temporal frequencies that are high enough to capture all aspects of species behavior. When data is collected through consecutive years, it is possible to quantitatively study animal and population responses to ongoing local and global changes (Glover et al. 2010) . Such extended study aids in disentangling short-term variations in abundance and behavior from the progressive adjustment of biotic communities to a shifting climate.
The spatial limitations of video image collection from fixed points (i.e. the observatory platforms) produce uncertainties in the evaluation of the diurnal, nocturnal or crepuscular characteristics in species behavior from animal count time series. A researcher cannot always determine if peaks in visual counts of fish at specific locations correspond to peaks in activity without having additional supporting data (e.g., laboratory tests defining the diurnal or nocturnal character of species behavior and specific field studies on overall habitat use). For example, an increase in visual counts for a certain species may be a proxy of a decrease in the rate of swimming rather than an increase in species activity. This often occurs in species that aggregate close to observatory structures (and therefore observatory cameras) during daytime. A sheltering (and hence resting) behavior naturally occurs at artificial reefs in coastal zones (Wehkamp and Fischer 2013) , where visual predators are very active, with this predation pressure of evolutionary importance in constraining the timing of prey activity to nocturnal or crepuscular hours (Horodysky et al. 2010) .
In contrast to time-lapse photography, continuous video recording may be used to study important interspecific interactions occurring on shorter timescales, such as territorialism, predation or scavenging (Aguzzi et al. 2012b ). Unfortunately, continuous video recording has important methodological and technological limitations, hindering its use as a reliable behavioral monitoring strategy. A major methodological limitation is related to the requirement for artificial illumination whilst filming. As reported in previous deep-sea studies (Doya et al. 2013a ), fishes may be attracted to such light sources, biasing abundance observation results (Longcore and Rich 2004) . Therefore in coastal areas continuous video filming can be used only during daylight hours (when artificial illumination is not required) or at night with the use of a strict time-lapse illumination/video capture shooting routine (illumination only used during short duration video recording). Collection of short duration video clips durations of less than 1 min) taken at consecutive intervals of approximately 30 min may avoid light attraction as the majority of fauna do not appear to retain a memory of previous illumination events (Doya et al. 2013a; Matabos et al. 2013) . Alternatively, infrared light is not detectable by most marine organisms, and can be used to illuminate filming, though rapid attenuation of this wavelength within saltwater imposes strict distance constraints on fish counts (Widder et al. 2005) . Continuous filming also introduces the problem of recounting an individual repeatedly as it swims in and out of the field of view, or lingers within the field of view, being counted as anew individual per analyzed video frame . Tracking to prevent the recounting of the same moving individual is a major issue (Han et al. 2009 ). Time-lapse image acquisition, at minute and hourly frequencies mitigates this problem somewhat, though for species prone to resident behaviour (e.g., scorpaenids) observations my still produce erroneously high estimations of abundance. The technical constraints in time-lapse image monitoring, combined with the bias caused by attraction of some fish species to the artificial observatory structures, reduces the applicability of using cabled observatories to record unbiased abundance data, but does not wholly prevent their use in the study of activity rhythms (and community changes). Recounting of individuals may be proportional to the differential rate of swimming, and therefor correlate with activity and passivity behavioral phases ).
Spatial coverage limitations of seafloor observatory imaging systems
Fixed cameras installed on cabled observatories are only capable of imaging a relatively small area of the marine ecosystem, usually a few square meters of seafloor and overlying water column (Aguzzi et al. 2011b ). This spatial coverage limitation of cabled observatory videoimaging systems should be carefully considered when extrapolating abundance data from such restricted locations to larger spatial scales (Assis et al. 2013) . Downward-oriented cameras provide a more uniform field of view for animal counting than oblique imaging (Smith et al. 1993) . Such an orientation, though well suited for the counting of benthic walking and crawling animals is less successful in capturing and identifying swimming fishes . With fish, counts should ideally be performed with cameras oriented at a 458 degree angle to the seabed, or by aiming the camera parallel to the seabed, in order to maximize the observed area laterally (Aguzzi et al. 2011c) . Abundances observed within the water column with a fixed camera may be influenced by the ability of a particular observer to identify fish at different distances from the camera, i.e. in distant, poorly illuminated areas of the imaged area (Davis et al. 2014) . The clarity of collected images may vary over time with change in volume and composition of suspended particles in the water column, and current flow velocity (Unsworth et al. 2014) . Users of image data collected from shallow sites should take into account how the field of view changes over the daynight cycle, under natural (cloudiness-related) and artificial lighting conditions. The field of view recorded during night time image acquisition is restricted to the artificially illuminated areas. When comparing daytime counts with nighttime observations, areas compared should be delineated to ensure there is comparable coverage .
A strong variability in overall fish abundance in coastal reef areas may also be the result of habitat heterogeneity (Harvey et al. 2012) . At a local scale of meters, different fish counts with the same camera, depending on the field of view to which the camera is aimed (e.g., toward a rocky zone rather than to the adjacent water column; Condal et al. 2012; Purser et al. 2013a, b) . Even in more homogenous, muddy slope areas, the presence of geomorphological heterogeneity produces variability in fish counts with cameras deployed on a separation of tens of meters (Doya et al. 2013a) . Therefore, the careful selection of the appropriate field of view and consideration of potential over or under abundance estimations are required. The utilization of seafloor mounted calibration panels-homogenous backdrops-can reduce this variation (Del Río et al. 2013b ). Though such panels reduce the imaged area (i.e. by reducing the depth axis), this drawback could be part compensated for by the increase in the frequency (every few minutes) and duration (over multiple days) of timelapse image acquisition. Other solutions, such as the use of cameras equipped with pan/tilt solutions, require the programming of operational routines for rotatory image acquisition and the standardization of counts across local habitat heterogeneity (Pelletier et al. 2012; Mallet et al. 2014 ).
The use of crawlers as hybrids between mobile ROVs and benthic observatories
Calibrating visual censuses or ROV-video transects should ideally be conducted around observatory still camera systems to evaluate the effect of habitat heterogeneity on locally detected species assemblages. ROV surveys focus on spatial rather than temporal abundance variability, allowing large areas of the seabed to be investigated though the surveys are often short and sporadic (De Leo et al. 2010; Grange and Smith 2013) . Despite the clear advantage in terms of spatial coverage provided by moving imaging techniques, such photographic or video censuses are not necessarily more reliable for estimation of fish population densities than observations from fixed camera systems. For example, if the sampling design of a moving imaging system (e.g., ROV or towed camera) does not account for either the day-night or seasonal variability in the fish abundance in the survey area, the resulting abundance estimations will most likely be biased.
Mobile Internet Operated Vehicles (IOVs) such as the Deep Sea Crawler Wally (http://www.jacobsuniversity.de/ses/research/oceanlab/crawler; Purser et al. 2013b) , are now available for conducting seabed surveys from cabled infrastructure nodes (Fig. 1) . These mobile systems are potentially useful for the cross-calibration of still and ROV imaging data. Crawler platforms can mount HD still and video cameras, plus a diverse payload of multiparametric sensors to locations of interest within the reach of an umbilical power and data cable (Thomsen et al. 2012; Tessier et al. 2013 ). The cabled design facilitates both a high power supply to the vehicle and a high data flow from it, allowing HD video capture and high sensor temporal resolution. Crawlers may mount other sensors capable of the autonomous collection of oceanographic, biogeochemical, and ecological data to allow comparison with those mounted on nearby cabled or fixed location observatories (e.g., Sherman and Smith 2009; Smith et al. 2013) .
In coastal areas, crawlers should be used to calibrate the imaging faunistic outputs (i.e. species lists and animals counts) of cabled observatory fixed cameras, by delivering high frequency day-night and seasonal data from visual census surveys conducted along nearby transects. These transects can be established by encompassing the different key environments for the targeted fish species (e.g., seagrass meadows, sandy banks or rocky areas). Such a sampling strategy can address two objectives: (1) to establish the level of representation of faunistic observations at fixed imaging observatory locations and (2) to establish where individuals go when imaging counts drop at the fixed observatory camera. Over the last 2 years, the 'Wally I' crawler has been deployed on the NEPTUNE Ocean Networks Canada (ONC; Table 1) cabled infrastructure within the Barkley Canyon (Pacific Canada at *900 m water depth) to spatially and temporally quantify fish species abundances, as well as the environmental drivers regulating species behavior. Results indicate the occurrence of seasonal variations in fish counts of many species (Doya et al. 2013b) , the relationship between these changes and with growth and reproductive behaviors is still under analysis.
Cabled observatories integrated into geographical networks and data integration
Sampling results from traditional methods (e.g., trawling, beach seines or visual census) are biased by the activity rhythms of fish species, when the frequency of measurement repetition (i.e., the time factor) is not carefully scheduled to run at a statistical frequency encompassing the different temporal scales of rhythmic behaviors. Diel and seasonal repetition in sampling at one location is required in order to detect population displacements into and out of targeted areas. A conceptual scheme is presented in Fig. 2 . Different species rhythmically enter and then leave the sampling windows, producing high variability in the observed species assemblage Bahamon et al. 2009 ). When sampling is temporally scattered, the interpretation of species abundance and overall biodiversity is limited and below satisfactory levels, and may well bias the description and interpretation of ecosystem functioning. These errors will continue to be made if we fail to implement a suitable technology for repeat sampling at a much higher frequencies and over extended periods. Cabled observatories provide the desired high temporal frequency sampling, although they do not, individually, allow the addressing of spatial analysis questions. A group of observational nodes (observatories) operating together and comprising a large geographical network could potentially perform coordinated monitoring of fish abundances. When such a network of cabled observatories is dispersed across different marine areas or regions of the world new possibilities to track large-scale changes in the marine environment will be possible. Observatory networks such as EMSO (European Multidisciplinary Seafloor and water-column Observatory, www.emso-eu-org) and ONC (Ocean Networks Canada; www. oceannetworks.ca) will increase the number of connected camera nodes, providing progressively higher geographic and bathymetric coverages. In the case of highly mobile organisms such as coastal fishes, the geometry of the geographical network of observatories must be carefully planned to embrace the full range of diel and seasonal displacements of species of interest ). Cabled observatory networks for coordinated faunal and environmental monitoring will eventually require the development of common protocols for analysis, as is currently underway in operational oceanography. In this area of research, standardization in data acquisition for diverse pelagic and benthic multiparametric fixed and mobile platforms is to a large extent achieved, with web portals available for access to archival data stores and for online processing (Proctor and Howarth 2008) . EMODNET (http://www.emodnet.eu/) and EURO-GOOS (http://eurogoos.eu/) web infrastructures are being created to further homogenize standards in data acquisition, and for centralization of data storage for common preprocessing and analysis routines. Multiparametric data are organized into data banks as input matrices that can be easily handled by the chosen statistical procedures. These developments are core to the transformation of current platforms into smart ecological surveillance instruments, delivering synthetic information on community changes based on species response to statistically identified key environmental drivers. The rules of acquisition and the choice of best routines for statistic treatment of data will likely represent in the near future the core of a newly developing 'operational ecology'. 
Automated video imaging and Citizen Science tuning
The current capacity for analysis of large image and environmental parameter image sets is limited by the lack of automation in processing (MacLeod et al. 2010) . Artificial Intelligence and learning algorithms procedures for the statistical treatment of observatory data is needed to process data swiftly and reduce human time costs . Automated species classification and animal counting from video imaging are dependent on system training of a limited number of locally occurring species (Aguzzi et al. 2012a, b) . Universal application of a single automated video-imaging system is highly improbable (Aguzzi et al. 2009a, b, c) . In addition to species determination, object recognition is largely dependent upon the contingent background (e.g., homogenous sandy or heterogeneous rocky seafloors, turbidity levels, and etc.) and overall illumination (e.g., day-night cycles in shallow waters; BeauxisAussalet et al. 2013). Images automatically acquired by cameras are very different from images acquired by humans, in that they are arbitrary taken in a particular orientation with no selection of specific subjects of interest.
Though universal automation is unlikely to be achieved for all observatory systems, classification procedures can be consistently implemented via comparable human-supervised computer learning IntegraƟon into geographic networks Fig. 2 Conceptual scheme comparing temporal and spatial sampling biases in assessment of marine populations and overall biodiversity, as respectively produced by traditional sampling/censing methods (the repetition of which is too scattered over the time) and cabled observatory imaging surveys (i.e. too locally limited). Activity rhythms of all species within a community produce an overall temporal dynamism in marine ecosystems. The temporally variable presence of species in our sampling windows biases outcomes from our low-frequency sampling. That bias has still unknown repercussions on the quality of data used for the integrated ecosystem approaches to fishery and biodiversity management. Networks integrating local independent observations nodes within larger geographic areas may increase the level of accuracy of video-observations, when these can be compared altogether. This would facilitate the estimation of abundances for species in a fashion similar to other mobile sampling methods applied over much larger seabed surfaces. The strategic monitoring advantage of such a network could be its temporal permanence and monitoring autonomy Rev Fish Biol Fisheries (2015) 25:463-483 471 approaches (Aguzzi et al. 2009b (Aguzzi et al. , 2011b Phoenix et al. 2012; Schoening et al. 2012; Corgnati et al. 2014) . Operators manually classify animals within sets of images by extracting descriptors of relevance on morphology (e.g., Fourier Descriptors) and colorimetry (e.g., Red-Green-Blue mean content) for the creation of reference models for classification comparisons. These sets of images can then be used as training libraries that can be used to automatically identify animals from different viewing angles in further image sets, with the animal category profiles and color content defined within certain degrees of variability. The greater the volume of reference images within a library, the more capability there is to build precise morphological models of reference that fit the true aspects of the different species at the observation site.
In spite of the potentially extensive video material that may be acquired by cabled observatories, supervised approaches in classification are most effective when a large number of operators are involved (i.e. labelers of features of interest in training images). Citizen Science represents an innovative approach for ecological and behavioral research based on centralized monitoring efforts. Citizen Science refers to the participation of the public in scientific programs and involves volunteers who collect and/or process data (Silvertown 2009; Dickinson et al. 2010) . This emerging discipline is now taking advantage of new technologies, such as the Internet and mobile phones with recording capabilities, for easy data collection and sharing (Del Río et al. 2013a ). In the context of marine imaging, public participatory approaches could be adopted to create and continually expand training libraries of images by involving a progressively larger number of operators into manual classification routines (Fig. 3) . Specific groups of observers, such as those involved in recreational SCUBA diving, could be enrolled in remote species video-recognition endeavors as trained volunteers (e.g., Azzurro et al. 2013) . These operators may propose animal images according to certain imposed criteria (e.g., best visibility). After experts evaluate their input, these images may be introduced into the library, and their morphological indicators extracted and used along with those already present for morphological classification. Routines for validation of classification choices by public users could also be automated to a certain extent using consensus criteria (i.e., when multiple annotators are used, the most frequent choice is taken as valid; see Zoonivers procedures; https:// www.zooniverse.org/).
Examples of highly integrated environmental monitoring at the OBSEA observatory
We here present a couple of examples of temporal monitoring of a coastal fish assemblage at the Observatory of the Sea (OBSEA), since this multiparametric, cabled video platform is a testing-site of the EMSO network and represents one of the few coastal observatories currently active ( (Aguzzi et al. 2011c) (Fig. 4) . The strategic interest in using OBSEA for coastal fish monitoring is its location Supervised approaches (i.e. a trained scientific operator classifies animals in subset of images) are required to create a reference library of images to be used as core for Artificial intelligence classification procedure. Citizens as Public Observers can screen stored or on-line real-time (trough web) image material proposing new classification entries, which will be incorporated in the library of images only after scientific validation. The reiterative repetition of that processing will tune automation in species classification. The example was drawn from images acquired and processed at the deep-sea observatory in Sagami bay (1150 m depth in Japan; within a marine reserve (Colls Miralpeix Marine Reserve) in proximity of the commercial harbor entrance. The platform is located at the center of a system made by 3 concentric rings of artificial reefs, placed to prevent illegal trawling. Undoubtedly, some ecological results observed by any platform are the result of local characteristics of the surveyed area, in this case, the fact that the observatory is situated within a maritime reserve experiencing anthropic impact related to maritime activities. This factor may have skewed observed density estimates of inhabiting species, video-biodiversity estimates or potentially even prey-predator relationships.
The OBSEA is has for the last few years conducted a highly integrated monitoring of the local biosphere, encompassing meteorological, oceanographic and biological indicators. The platform is endowed with a 360°rotating Ocean Optic HD camera delivering high-value ecological data linking fish community behavior) with several environmental variables. Additionally atmospheric column measurements are performed through sensors mounted on surface buoys (see Fig. 4 ). Currently available data consists of: (1) visual counts (at hourly frequencies from 2009 to 2014) for all bony fishes and other, rarer species (cartilaginous fishes, cephalopods and sea birds) in images taken during daytime (nighttime images excluded since a drastic community change was observed to occur at night, with the disappearance of the majority of species in darkness; Aguzzi et al. 2013) ; (2) oceanographic variables in temperature, salinity, and water pressure; and, (3) meteorological variables such as temperature, wind speed, rain, and solar irradiance (as measured at a nearby land station, with buoy data acquired only from 2013). The examples of time series and multivariate data treatments refer only to bony fishes as these species are the most abundant taxonomic group in the OBSEA area.
Example 1 Faunal list and video-biodiversity estimates
A primary target of marine observational technology is the implementation of systems capable of delivering exhaustive species lists for ecosystems exploration (Bouchet 2006) . With small spatial observational windows of observatory cameras, the monitoring of community changes over time should be conducted over extended periods to record changes in abundances of both common and rare species (Matabos et al. 2011 ). An example of a species list is presented in Fig. 5 from July 2009 to June 2010. An important methodological question concerns the minimum number of pictures required to obtain a reliable sampling of the species assemblage at a cabled observatory. This minimum number can be derived from classic diversity accumulation curves (see Fig. 5 ), where the plateau is indicative of a saturation in new detections despite the progressive increase in captured image numbers. As an example, we focused on the observations described above and used bony fishes (discarding other rare species), counted in images taken at 30 min frequency. Analysis indicates that only 875 h (approx. 36 days, equivalent to 1750 snapshots) are required to reach the maximum number of detectable species (i.e., the plateau on the accumulation curve). This indicates that after a cabled observatory is established in the OBSEA area, approximately 1 month would be needed to obtain a first recompilation of the fish species occurring in the area. A conclusive species list can be obtained only by repeating the video survey on a seasonal basis, given the monthly fluctuations in observable fish according to the environmental control of species life cycles (see example below).
Example 2 Seasonal variations in fish assemblages
To address the relationship between seasonal variability in fish assemblages and environmental drivers, the cabled observatory image acquisition was continuously performed from 1st July 2009 to 1st June 2010. We considered images taken at a 1-h frequency on alternate days within the two central weeks of each month. The following four different camera fields of view were selected: two that portrayed the left and right upper sides of the artificial reef and two that were aimed at 45°angles toward the water column. Here, we summed all counts for the four images (one per position) for each time point observation. Following this, the resulting time series were averaged for each month. In addition, oceanographic and atmospheric parameters were added to the analysis to identify those that may directly or indirectly influence the physiology and ecology of local fishes. The water temperature, salinity, wind speed and rain were measured at each image acquisition as potential proxies of water and air column conditioning on fish behavior according to species specific tolerances and sensitivities (Albouy et al. 2012; Jørgensen et al. 2012) .
The presence of seasonal rhythms was evaluated by averaging the number of detected fish per month. In doing so, we considered all images for each for each imaging orientation at once. The number of available images varied month by month, with photo-sampling constancy disrupted by water turbidity over the extended monitoring period. The visual count data were then plotted with MESOR (i.e., as yearly threshold means) to identify the months when significant increases occurred (see Univariate methods section). The mean counts presented seasonal fluctuations for all the considered species (Fig. 6) . Many species showed a single and compact seasonal increase that lasted several months (e.g., D. annularis and D. cervinus), whereas others showed a more punctual increase during 1 month (e.g., S. mediterraneus and O. melanura). Further species showed a scattered seasonal pattern with sparse peaks occuring throughout the year (e.g., S. cabrilla and S. cantharus). It is important to note that the seasonal changes in the behavior of coastal fish were evaluated by computing the averages of each month and not by simply summing all the counted fishes. Nevertheless, the temporal gaps in photo-acquisition did not impair the detection of a seasonal variation in fish counts, which demonstrates the efficiency of the applied monitoring method (Fig. 7a) . The relationships between seasonal count rhythms, oceanographic and atmospheric data were then studied using integrated comparisons of phases (i.e., as significant increases above the MESOR) (Fig. 7b) . The comparison showed which species significantly increased in correlation with particular environmental parameters, thus indicating potential cause-effect relationships. Significant monthly increases in the visual counts of D. cervinus, D. vulgaris, D. dentex, and S. cabrilla occurred in conjunction with increases that show no clear dependency between biological (i.e., species visual counts) and environmental parameters (Van der Meer 1991). The method identifies two bases, one for each variable, that are optimal with respect to correlations whilst simultaneously identifying the corresponding correlations (Sherry and Henson 2005) . CCorA has been previously used in a pilot acoustic study at the OBSEA platform, tracking locomotor behavior in freely moving crustacean decapods in relation to the changing environment, as This type of combined data treatment (i.e. monthly averaging of fish counts and CCorA screening) is of relevance because the technique can be used to project expected species abundances in coastal areas in a climate change scenario where an increase in water temperature may be accompanied by a potential increase in salinity. In particular, temperature is a fundamental variable that directly affects fish metabolism and behavior, and consequently, plays a role in community functioning (Hawkins et al. 2003; Munday et al. 2009; Cheung et al. 2013) . Our 1-year data acquisition do not indicate conclusively the role of climate forcing on species behavior and derived community composition. A more prudent approach would be to undertake an analysis of multiannual data before inferring seasonal and climatic links. In this sense, multiparametric data acquisition should be historicized, when the length of data sets exceeding the repletion of a minimum unit (1 year) by at least three multiplications. This would allow minimum reliability in time series analysis aiming to determine recurrent seasonal periodicities, other than naturally occurring inter annual variability. Multiannual observations must be collected to eliminate inter annual variations related to seasonal rhythms. OBSEA data acquisition represents a promising step toward the creation of high frequency (i.e. hours) decadal time series which may be used for creating realistic projections of climate change effects on fish coastal communities.
Conclusions
In the present review, we synthesized and provided clear examples on the utility of cabled observatory video technology for monitoring fish behaviour in coastal marine systems. The quality of long-term datasets, generated by this relatively novel approach, provides new opportunities for ecological research and the improvement of our capability for tracking and understanding temporal variability in coastal environments. Indeed, the continuous high frequency monitoring of biotic and abiotic variables performed by a single observatory allows the investigation of biotic responses at different biological scales, ranging from individuals to entire assemblages. This information contributes to better define the characteristics that shape the behaviour and the ecological niche of a species and helps us to measure and predict the effects of both natural and anthropogenic drivers. With respect to traditional monitoring programs, based on periodical surveys, cabled observatory video technology register data at finer temporal scales providing complementary information. Both environmental and biotic data generated by cabled observatories should be available to end users, which may include a range of stakeholders, including fishermen, other 'sea users', marine biologists and fisheries managers. Hopefully, future developments of this technology will provide appropriate support to calibrate existing network nodes worldwide and to interconnect information supplied by each cabled observatory station. This would be certainly desirable to better meet the need for improved protection and management of the marine environment raised by ongoing globally changing environmental conditions.
